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W ater wil betra n sferr edfr o mHanjiangrlVer Ofthe Yangtz eRiverBasinto theNo rぬ
C hina Plain PCP)for w ater s upply･ T her e ar etw oplar n edlarge- s calelongdistan ce
w ater transferpr oje cts :the East Route, wlich couldcarry waterfr o mlo w er main
c o urs eofthe Ya ngtz e(Changjian豆)Riv e rto NCP, andthe M iddle r o ute, which w ould
divert w ate rfr o皿 the Ha njiangRiver, a m ajortributaryof the MiddleY angtzetoN C P,
which islikelytobeimple mented in e arly21st ce ntu ry. Bothpr oje cted main canals
ar e m o r ethan 1200km
, passing thro ughse v e nprovince sand citie s, a nd the ann u al
totaltran sfe rable w ate rqu antitywould be m ore than 50billio n c ubic m ete rs. Forthe
M iddle Route
,
the calculatedqu antityoftransferable w aterw a sbased o nhydrologic al
re c o rdsfrom the H anjiangRiver. How e v e rit m ay notbe a ss u reunde rdollble c arbo n
dioxide･ Itis w ell kn o wnthat the M iddle Route m aybelimitedbytransferable w ate r
fro m uppe rH anjiangRiver. Itis e stim ated thatthe regl O n Salongthe m ain c an alw otld
be co m e w am and dry and v ariabilityof w ate r re s o u r c es m ayin cre ase. The se would
af-fe ct the synto niz atio n/ a synto ni2:ation of w ater res o u rc e s v a riatio n sbetw e e nthe
Y angtz eRive r andthe riv ers wi th in N C P, and consequently w o uld influ e n c e on the
transferable w aterqu antity and a vailabiltyfor w ate r s upply. T he a utho r addr es s ed:
first
,
to further study andtobetter understaJldstlCh impa cto na:v ailable w ater, s e c o nd,
to qu antitativ elydete rmin ethe m agnitude ofs u ch impa ct,third, to adapt a m odelto
evaluate su ch impa ct.
Ⅰ. Intr odtl Ction
T he distribution of w a土er r es o u r c esin Chin ais v ery un e ven :w ateris m o rein s o uth
andles sin n o rth. The r un offinthe Yangtz eRiv erbasin plllSthe s outh regio n s ofit
m akes up m o reth an 80% of China
'
stotalwith1es sthan 40% a rableland, while the
ru noffinthe northern Hu anghe, Hu aihe andHai heriverbasins, am o unts to only615 %
wi thalm o st40 %ar ableland. Als o
,
influ e nced by the m ons o on clim ate, the rainfall
a nd runoffco n ce ntrate in the w et sea so ns wi tha gre at amplitude am o ng year s.
M or eov er
,
the w ate r e xploitinglevel is v eryhighhthe northe m China, e speciallyin
the Hairiv erbasin . In s u ch c a s e
,
theinsufficie n cy ofw ater re s o u rc esin n orthern C hin a
hasbe co m eahindr a n c eto s ocio- e co no micdevelopm e nt.
T heide aofSouth-to INo rth WaterTr ansfe rPr oject(S NWTP)w a s sugge sted firstlyin
the e arly1950
'
s a ndthe s ur v ey w o rkon SN W TP hasbe en carriedoutfo rde c ades of
years sin c elate 1 950
'
s, T hen the Y angtze Riv er basin Plan ning OfrlCe (the
predec es s or of the Y angtz e Riv erbasin Water Re s o u r c es Co mmissio n). Hu anghe
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Riv e rba sin W ate r Res our c e sCo mmis sio n, Huai he Riv erbasin W ater Re s ou r c es
Co m missio n
,
C hine se Ac ademy
'
ofScie n ces a ndJiangs u, Anhuipr ovin c eshav ebe e n
in v olv ed in integrated s u rv ey of the c anals andplltfo r w ardprelim ln arydesigns of
tra nsfe rring w ate r north w a rd &o m the upper r e a che s(West Route), the middle
rea ches(M iddle Ro ute),thelow erreaches(EastRo ute)ofthe Yangt2:eRiv e r.
ⅠⅠ. W ate rTr a nsferSche m e s
T he S N W T P in cludesthr e routesto c a rry w aterfr o mthe Ya ngtz eRiverto the No rth
C hin a(Figure 1). Ea ch ro ute has functio nin s olving the w ate rpr oble ms in the
differ e nt a r e as, andthey c an be co n n e ctedto for m ala rge w ater re s ou rc e s syste m
which cov ers m ostexte nt of north C hin a. The W estRo ute ofSN W TPispla nnedto
tr a n sfe r w ater丘ornthe uppe rre a che s ofthe Yangtz eRiv erto the upper stre am ofthe
Hu a nghe Riverto pr ovi de waterfo rthe Northw estCh inat
l】
. Thetr a n sfer site s ar e at
Liangye ofthe Tongtianhe Riv er, Re nqinglingof the Y alonglla ngRiv er and X ieerga
ofthe Zu zu muheRive r
,
a tributary of the Daduhe Riv e r, havingtotalwate rshed ar e a
of168
,
000 km
2
wi th the an n u al a v e rage ru noffof221 billion m
3
1 The W e stRouteis
n o w at the fe a sibility study stage and stil has alot ofproble ms to s olv e. Its
imple me ntatio n w o uldbe e xpe cted for re m ote future . The r efo r e, the autho rw ould like
tobriefonlythe ro utesintothe N CP.
● M iddle ro ute ofS N W TP
Itisplan nedto transfe r water&om the middle r e a che softhe Y angtz eRiv e rtoBeijing,
Tianjin a nd the w e ste m pa rt ofthe No rth C hin aPlain[
1]
. T he w ate r supplying a r e a
include sHubei
,
He nan
,
Hebei
,
Beijing a nd Tianjln Pr OVin c e s and citie s. The short-
te rm e ngln e erlng, Simply n a m ed a s
" Yinhan''
,
m ean s aw ater div ersio n丘o m the
H anjiangRive r, thelongest tributaryinthe middle re a ches of the Y angtze Riv e r. T he
lo ng-te rm engln e erlng, Simply n a m ed as
" Yinjiang
”
,
w ouldc a rry wate r丑
･
o mthe main
co u r s e of the Yangtz eRiv e rto the D anjiangko u Re s e rv oir and then go n o rthw ard
be c a use Yinha n c an n ot afford e noughw ate r. T he Y inh an w ater co nv ey an c e c an l
w o uldbegin atthe Ta o cha w aⅠe rintake attheDanjiangkou Re s e rv oir, then wo11dgo
alo ng the southem foot of theFuniushan M ou ntain, the pedim e nt atthe e a ste m fo ot
ofthe Taihang Mo u ntain and w ouldte rmin ate at the Yuyu antan Lakein Beijing.
W ate r s11PPlyin岳to Tianjin City w o uldco n stru ctse co nd main c analstartingatXu slm i
Cou nty of Hebei Pro vinc eeastw a rdthr o ughthe HaihePlaintothe city･
＋ EastRoute
The East Ro ute wil tr an sfe r water &o m do w nstre am Y angtz etothe ea ste rnpart of
N C P. The conv eya n c e c a n al w ould be abo ut 1,15 0km long, alo ng which the
discha rge capa cityw oul dbe allocated bydiffe re nt se ctio n s. Be c au s ethe ele vatio n of
thelandalo ngthis r o uteislo w alboth e nds a nd highatthe mid le, w ater w ouldha v e
to be pu mped thr ough 15stages with atotal liftof65m . W ater wi llbetransfe rred by
gr a vity after cr o ssingthe Yellow Rive r. W ater w o uldc r o s sHu anghethr o ugh atun n el
tobe corlStru Ctedbe n e ath its bed. T hisisbe c a u s etheflo w of Hu angli eis so he avily
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lade n wi thsilt, surface c r o s slng lS n ot ad visable. The adv antage ofthe EastRo uteis
the u singBeijing- Hangzho tlGr and Canalasthe main c anal,the e ngm eerlng W O rk will
be m u ch easie r. The m ain disadv antage ofthe EastRouteis that sin ce pu mplng lS
indispe nsablefo rthe se ction southofthe Hua nghe,itwi llconsu m e alarge am ount of
ele ctricity per a n n u m, estim ated atabo ut5billio nk W h･
consideringfutu re clim a:tein 20-5 0year s
[2]
,
whatwi ll beimpa ctofglobalw a rm lng On
the S N W T Pr egio n? The a nsw er ofthequ estion m u stbetheimportant task fo r us,
III. Pr edic atio n of GlobalW a rminglnnu e n c e o nAn n tl a Wate rY ield
Onbasis of w ate r cycle, an m1alw ate rshed w ateryield(R)depends o nw a土e rb alance
c ompo ne nts ofpre cipitation (P) and e vapotranspir atio n(E)･ Thelatte risin clo s ed
rela土ion tote mper atu r e(T). There ar e se v e ralm odelsfordeter minatio n of Er elatedto
te mper ature ･
I. C . W .Thom thw aite
Eo - 1.6(lot/I)d (1)
wheretis av e rage mo nthlyte mperatu r e,Ia ndd ar epar am et rs r e spe ctiv ely･
2･ L･ Tu r cde v eloped E fo r m ula
(3】bas edo n w aterb alanc e el m e ntsin cltLding an n ual
te mpe r atu re･
E = P/[0.9＋P
2
/ L
2
]
O15 (2)
wher e L - 3 00＋25T＋0.05 T
3
(3)
3･ W BILaugbein
(3]
E - P-10
A I T'A2
whe re Al, A2 arePar am eterS･
(4)
4. H. W .Pong
E - 3 8*10
79T/199'T
-271 (5)
Abo v e models maybe e mployed fordete rmin lng aninnu e n c e ofte mpe ratu re ch anges
on ev apotr ansplration andthroughwhichthe w ateryieldc anbepr edictedac cordingto
w ate rb alarLCe equ atio n
[4):
R - P-E (for an nu at w ateryield) (6)
R = P-E＋W (fo r m o nthly w ate ryield) (6a)
-6-
Considering adaptatio n to a regionalsc ale, the m odelde veloped by L. Tu r cis
advisableforthepredicatio n. The Tu rc
'
s m odel for annual ru n offa s w ateryieldwa s
ba sed on a study ofdata colle ctedfro m 254 basinslocated w orld wi de, In o rde rto
m ake sur ein applying Tu rc
'
s m odelto the reg10 nS Of the So uth-toI North Water
Tr ansfe rPr oje ct(S NWT P)in China, w e ha v ec o nducted c alibratio n study on its
par am et rs･ Ass u mingpar am ete rsinvolv ed in theform ula(2)and(3)as a,b,c, and d,
w eget:
E - P /[d＋P
2
/(a＋bT＋cT3)
2
]
0.5
(7)
W her epar am eter sa,i,c, c alibratedbys ev e r alsubregions alongthe middle r oute ofthe
pla n edS NWT Pco mpared with other regio n sin Chin a.
T he m ajo r r e sultsfro mth
'
e calibratio n wo rksho wfollo w l ng points:
(I)the origin alpar am ete rspre sented byTu rc
'
s modelislikely goodto fillingdata of
the s o uthe rnC hin a
,
whereprecipitatio nis richwithahigherhumidity(Table1).
Tabl Tests of Tur c's M odel with Data Colle cted fr o mSe v eral Regio n sin C hin a
(Para m eters:a= 300,ち-25, c=0.05, a- 0.9)
亘 幽 !主聖竺些
431,3 386.9
550. 575.4
930.3 1040.7
Lo仁atio n
Taiyu an
Hanjiang
Hain a n
Fupl
Talim u
River
Te ngchon
A
No血
M iddle
So uth
N o r也e a st
No rthw est
So uthlV eSt
亘理 + _ 堅些些担
-44.4 ･ 10.3
25.4 4.6
110.4 1l.9
3 25 269.5 -55.5 -17.1
76.0 87.5 11.5 16.
7 70.0 816.7 46.7 6.1
Fr o mTab.1
,
W e c an s eethatthe adaptatio nofthe Tu r cM odelislow in so m e
r egio n sincludingtheS N W T P町e a S. T he refore, the o riginalpar am eters oftheTu r c
m odel m ustbefitted ina c c orda n c ewi thm ea s u reddata.
Tab.2 Re s ults from Fitted Tu rcM odel'sPa ram eters
也
Taiyu an North 431.3 441.4 10･1 2 3
H anjiang M iddle 550. 488.1
Haina n So uth 930.0 888.9
-61.9 -ll.2
-41.1 -4.4
Pa r a m ete rs
a- -8 13.693
bニ ー229.279
c ニ ー0.627
a -304 43.9
b-30 96.182
c = 14.484
a-37.407
b-40.528
c-0.0137
ー 7-
(2)T hefittedparam ete rsforthe m odelpres e ntfairly goodr esults. The relative erro r
is obviouslyredu ced in co mparis o n with the originalTu r c
'
s Model(Tab.2).
I VI Predictio n a nd IIypotletic al Sc eTlarios
1. Predication
Usingequatio n(2),(3), w e obtain thederiv ativ e s
a nd
∂E /aT- P
3
(25＋0.15 T
2
)[o.9＋(P/L)
2
r
l15L
‾3 .(8)
∂E/8T= [0.9＋(P 瓜)
2
]
-1･5
- p
2
[o.9＋(P/L)
2
T
25
L
'2
(9)
Using m odifiedparam etersinste adofpar am eters usedby equ atio n(2),(3), w eget:
and
∂E / 8T - P
3
(229.2 79-1.881 T
2
)[o.9＋伊n.)
2
]
-l
･5L
‾3
(10)
∂E/ 8T =【0.9＋(P A)
2
r
l
･
5
- p
2
[o.9＋P/L)
2
r
25L
12
(11)
Figu rel sho w sthe co mputed a E/aTfo rthe S N W T Parea wi thm e an an n ual
te mpe ratu r e v alu esfro m10
oCto16o C.
2･ Regionalrespo n s e ofw ateryieldstote mpe r attlreris e
Ac cordihgto w aterb alan c e equ ation, the w ate ryielda sru n offP)in our c as ewillbe :
R = P - (1 I[0.9 ＋(PA)
2
r
O･5
) (12)
and w eha ve
L = 3 00＋25T＋0.05 T3 (for s o uth) (13)
L - -813.693＋229.279 T-0.627 T3 (for north) (14)
Thefo rm ula(10)asw ella s(1 4)fitted with data s atisfied forlocalar ea andc an n ot use
for e xtrapolation .
3. Sc e n a rio s
As abov e m e ntio n ed
,
the planned w atertran sfer s che m e s a r ealw ays subje ct tothe
tr an sfe rable w aterfr o m r e s o u r c e o utputa r eas. So w e m u st c o ndu ct a n an alysis on the
tr a nsfe rable quantityof w ater, which w o uldbeinflu en c edbythe globalw ar ming(
5]
.
Unforttln ately, w ehav e no c e rtain determin atio n oftemperatu re ris efo rlo cals c ale ar e
as u nder differ entle v el of con c e ntr ation of C O2 and other gr eenhous e gas e s.
Ac cording to 也e r e sults obtained by G C Ms m odel (N C A R), w e em ployed
hypotheticals c e n ario stodeal withthepo ssible cha ngeinthetr an sferable w ate r.
Figu re 2 show sthehypothetic als c e n ario spr edictedfo rthe SN WTPw ater e xporting
areas under diffe r e ntle v els of cha ngesin te mper atu re a nd pr e cipitation. From th is
figu r e w e c an seethatu nde r w ar m-drys c e n ario s, e ･g･ unde r a n n ualte mper atu r e rise of
-8-
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3oC and a n nu al precipitation dec re a s eof 20 %, the tran sfe rable water of w ate r
e xportingregio n w o uldbe redu c edby abo ut60% . In s u ch c ase, the operation w o rk of
S N W TPw o uld be olユtOf
-
order.
V . Brief Con clu sio n
The S N W T P
,partic ula rlyits M iddle Ro utehashad aproble mintr an sferring qu antity
of w ater fro m e xpo rting r egion s whe rethe population de n sityis high with m any
indu strial area s. It's of great signifiic anc ein analyzing the influ e n c e of global
w arm ing on the tr a nsferable w ater qu antity. The results ofthis studyiuu strate a
seriou ssitu atio nto behappened11nde r也e co nditio n s ofte mperature ris e wi也w ar m-
dry s c e n ario s.
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